Beams with a spatially non-uniform distribution of polarization attracted considerable recent interest due to their intrinsic beauty, novel functionalities in quantum optics and newly enabled applications [1] . Typical realizations investigated possess a circular symmetric intensity structure, most often in form of a doughnut, combined with a spatially non-uniform polarization field containing polarization singularities and are referred to as `vector vortex beams'. Typically, considerable engineering effort is necessary to create these non-trivial polarization configurations. In contrast, we report on the spontaneous formation of vector vortex beams in a broad-area vertical-cavity surface-emitting laser (VCSEL) with frequency-selective feedback [2] . In particular, an anti-vortex state with a hyperbolic polarization structure is observed. The relation to vectorial high-order solitons is discussed. The experimental setup consists of a VCSEL with a 200 μm diameter aperture and feedback from a volume Bragg grating (VBG) in a self-imaging external cavity. At high substrate temperatures (40°C) the fundamental solitons and high-order solitons (vortices or better azimuthons as the intensity structure is not strictly circularly symmetric but contains three humps) observed are linearly polarized and behave in a quasi-scalar way. Dropping the temperature (20°C) increases the initial detuning between VCSEL resonance and VBG resonance and hence enhances the threshold current (roughly three times). As a result the gain available is much higher and the small polarization anisotropies in VCSEL and setup cannot pin the polarization state any more.
The experimental setup consists of a VCSEL with a 200 μm diameter aperture and feedback from a volume Bragg grating (VBG) in a self-imaging external cavity. At high substrate temperatures (40°C) the fundamental solitons and high-order solitons (vortices or better azimuthons as the intensity structure is not strictly circularly symmetric but contains three humps) observed are linearly polarized and behave in a quasi-scalar way. Dropping the temperature (20°C) increases the initial detuning between VCSEL resonance and VBG resonance and hence enhances the threshold current (roughly three times). As a result the gain available is much higher and the small polarization anisotropies in VCSEL and setup cannot pin the polarization state any more.
We observe polarization switching between fundamental solitons (Fig. 1, left) and the appearance of vortex states with non-trivial polarization structure, in particular the anti-vortex with a hyperbolic polarization distribution (Fig. 1 right) . The scalar vortices (and azimuthons) are known to be soliton solutions of the system in quasi-scalar approximation [2] , hence we conjecture that the anti-vortex has also solitonic character. Further states with an irregular but roughly four-domain polarization configuration exist also with either two lobes (Fig.1  top) or three lobes (i.e. azimuthons) and are under current investigation.
